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CLOSURE DEVICE WITH HINGES 
Cross-reference to related Application 

[0001] This application claims priority to provisional application serial no. 

5 60/569,203, filed May 7, 2004, which is incorporated herein by reference. 

Background 

[0002] This invention relates to an occluder for closing a septal defect, such as a 

patent foramen ovale (PFO), 

[0003] A PFO, illustrated in FIG, 1, is a persistent, one-way, usually flap-lilce 

10 opening in the wall between the right atrium 10 and left atrium 12 of the heart. Because 
left atrial pressure is normally higher than right atrial pressure, the flap formed by septum 
primum 14 and septum secundum 16 usually stays closed. Under certain conditions, 
however, right atrial pressure can exceed left atrial pressure, which creates the possibility 
that blood could pass from the right atrium to the left atrium through a PFO tunnel 18 and 
15 allow blood clots to enter the systemic circulation. It is desirable to avoid this situation. 



Summary 

[0004] The present invention relates to a device for closing a defect, such as a 

PFO or an atrial septal defect (ASD). hi preferred embodiments, the device has first and 
20 second sides on either side of the defect, a center joint that passes through the defect, and 
end pieces at the outer ends of the sides. One or both sides of the device have a plurality 
of petals. At least one petal on each side extends away from the center joint, and at least 
one petal on each side extends away from an end piece. Adjacent petals are coupled 
together with hinges. 

25 [0005] The end pieces, center joint, and petals can be made from multiple pieces 

integrally connected, or from a monolithic material, such as from a single tube. If a 
single tube is used as a starting material, it is cut with slits in desired locations to produce 
the device when the ends are brought toward each other. The device can be roughened or 
textured, and can have a spongy collar around the center joint. A catching mechanism 

30 can be provided to hold the device in place when deployed. 
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[0006] Embodiments of this device can provide one or more of the following 

benefits: small diameter delivery sheath, no permanent foreign material, ease of 
manufacturing, and overall simplicity. Other features and advantages will become 
apparent from the following detailed description, drawings, and claims, 

5 

Brief Description of the Drawings 

[0007] FIG. 1 is a part side, part cross-sectional view showing a patent foramen 

ovale (PFO). 

[O0OS] FIGS. 2 is a perspective view of a closure device according to a first 

10 embodiment of the present invention. 

[0009] FIGS. 3-5 are a plan view and side views of the device of FIG. 2. 

[00 10] FIG. 6 is a partial side, partial cross sectional view of the device of FIG. 2 

shown as deployed in the PFO. 

[0011] FIG. 7 is a perspective view of a tube that is cut to produce the device of 

15 the type shown in FIG. 2. 

[0012] FIG. 8 is a perspective view of the device of FIG. 7 shown in a partially 

open form. 

[0013] FIG. 9 is a perspective view of the device of FIGS. 2-8 with a tissue 

scaffold. 

20 [0014] FIGS. 10-13 are part side, part cross-sectional views showing the 

deployment of devices with a catching mechanism according to embodiments of the 
present invention. 

[0015] FIGS. 14A and 14B are part side, part cross-sectional views showing 

examples of releasable connections between a delivery wire or conduit and a catching 
25 mechanism. 

[0016] FIGS. 15-19 are part side, part cross-sectional views showing an 

embodiment of the recovery process for the devices deployed as described above. 

[0017] FIGS. 20-22 are part side, part cross-sectional views showing another 

embodiment of the recovery process for the devices deployed as described above. 
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Detailed Description 

[0018] Embodiments of an occluding d&vice are shown in FIGS. 2-9, with the 

delivery process illustrated in FIGS. 1043, and recovery processes in FIGS. 15-19 and 
5 FIGS. 20-22. The device can be formed from a polymer tube, as shown in FIG. 7, by 
making cuts in the tube. This approach is similar in general to that described in 
application serial no, 60/486,992, filed July 14, 2003, and application serial no. 
60/557,486, filed March 3, 2004, each of which is incorporated herein by reference. 
Other catching or locking methods in addition to those described below, some or all of 
10 which may be adaptable to devices of the type described herein, are described in 
application serial no. 60/569,422, filed on May 7, 2004, which is incorporated herein by 
reference. 

[0019] Referring particularly to FIGS. 2, 4, and 5, a device 20 has a distal (left 

atrial) side 22 and a proximal (right atrial) side 24. Sides 22 and 24 are each connected to 
15 and separated by a center joint 30. At the outer ends of sides 22 and 24 are respective end 
pieces 26 and 28. The end piece and center joint each have a preferably tubular hollow 
configuration. 

[0020] Referring also to FIG. 3, an end view shows distal side 22 with end piece 

26 in the center. The view from the right atrial side at side 24 would be substantially the 

20 same as this view in this embodiment. Side 22 has a plurality of petals, preferably six 
petals 32a-32f as shown, although more or fewer petals could be used. Referring to petal 
32a in FIG. 3 as an example, each petal includes two segments 34 and 36, preferably 
substantially straight, that come together or close to each other at a vertex, and a rounded 
portion 38 at the outer perimeter of the petal. Each petal is connected to an adjacent petal 

25 through a short hinge, such as hinges 40 and 42 shown in FIG. 3. The term vertex is used 
broadly here to include the situations where the sides that extend away from the center 
joint (or end piece) to form a petal meet at the center joint, or where the sides that form 
the petal meet at a point slightly spaced outwardly from the center joint, or where the 
sides have not fully converged to a point at the center joint and therefore have not yet 

30 come together. 

[0021] Referring particularly to FIGS. 2 and 8, the petals preferably have an 

alternating arrangement such that every other petal has a vertex at an end piece, with the 
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petals between them having a vertex at the center joint. FIG. 8 provides a good view of 
this structure in which alternating petals are connected together with hinges and yet have 
their vertices coupled at alternating ends. While shown as identical in size, the petals that 
extend away from the center joint may be made shorter than those that extend away from 
5 one of the two end pieces. 

[0022] The petals are preferably substantially the same size and shape, and are 

evenly distributed around the circumference of the device, although petal sizes can be 
varied and, as indicated above, different numbers of petals can be used. The 
configuration of petals can be different on different sides of the defect. 

10 [0023] As indicated especially in FIGS, 4-6, sides 22 and 24 can have a ronghly 

planar configuration in a manner that is roughly parallel to the opening. While the sides 
are shown as being exactly parallel in FIGS. 4 and 5, the device would typically be 
formed so that the sides are bowed such that the ends of sides 22 and 24 are closer to each 
other than the sides are at the middle, as shown in dashed lines in FIG. 4. As shown in 

15 FIG. 6, the sides preferably have the ability to bend and conform to the geometry of the 
opening. The sides of the occluder have a diameter that can be in the range, for example, 
of 15-45 mm, while other sizes could be used. While the sides are shown with 
substantially identical diameter in FIGS. 4 and 5, they need not have the same diameter 
and could be shorter on one side. It is preferable for a large portion of the perimeter of 

20 the petals to be in contact with each septum to distribute forces and provide less trauma 
than might otherwise be provided if all the force for each petal were at one point. This 
means that each petal preferably forms a plane that is generally parallel with each septum, 
rather than perpendicular. 

[0024] Referring particularly to FIG. 6, in a deployed form, sides 22 and 24 each 

25 have upper portions against septum secundum 16, and lower portions against septum 
primum 14. A catching mechanism is used to help hold the device in place. As shown 
here, the catching mechanism includes balls 50 and 52 connected with a hollow conduit 
54. Balls 50 and 52 help to hold the device in a compressed position by helping to hold 
together end pieces 26 and 28. 

30 [0025] Ball 50, ball 52, and wire 54 preferably all have an aligned central bore 

through the middle, represented as line 44, to allow the catching mechanism to be 
delivered over a small wire (not shown). A hollow delivery wire 46 is releasably 
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connected and detached from ball 52 through one of a number of techniques, such as a 
threaded connection. 

[0026] Referring to FIG. 7, the device is preferably formed from a hollow tube 70 

with cuts to the tube to define the structures of the device. End pieces 26 and 28 and 
5 center joint 30 in this embodiment are characterized by a lack of cuts, although there 
could be some for desired bending or flexing. Each side is shown here as substantially 
identical, although each side could be cut differently, such that only one side has the 
structure shown in FIG. 3. In addition, while the center joint 30 is shown about an equal 
distance between the ends, it can be provided more toward one end if it is desirable for 

10 the device to have different diameters on either side of the device. In the tube, cuts 
defining a slot 72, 74 with one end at the end piece (in the case of slot 72) or the center 
joint (in the case of slot 74) and another end of the slots 75, 76 being rounded to form a 
petal when the end pieces of the device are brought toward each other. Short 
circumferential segments, such as segment 78, between these slots 72 and 74 define the 

15 hinges when the device is deployed. 

[0027] FIG. 8 shows the device taking shape when end piece 26 is brought to 

center joint 30. Rounded ends 76 and 75 are at the outer ends of petals that extend from 
the center joint and end piece, respectively. End piece 28 is shown as it is beginning to be 
brought toward center joint 30. After both sides take their shape, the device can be 
20 further thermally and mechanically processed to help it maintain its shape in the 
manufactured configuration and in the deployed configuration. 

[002S] Referring to FIG. 9, a tissue scaffold can be provided over area defined by 

some or all of the petals, and around the petals themselves if desired. The tissue scaffold 
promotes encapsulation and endothelialization, thereby further encouraging anatomical 

25 closure of septum primum and septum secundum. A tissue scaffold can be formed of any 
flexible, biocompatible material capable of promoting tissue growth, including but not 
limited to polyester fabrics, Teflon-based materials, such as ePTFE, polyurethanes, 
metallic materials, polyvinyl alcohol (FVA), extracellular matrix (ECM) or other 
bioengineered materials, synthetic bioabsorbable polymeric scaffolds, other natural 

30 materials (e.g. collagen), or combinations of these materials. Also tissue scaffold may be 
formed of a thin metallic film or foil. The scaffold can be attached to one or both sides of 
the device. A tissue scaffold or the body of the device frame can have drugs or biological 
agents to improve the defect healing process and/or to prevent clotting. 
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[0029] With a tissue scaffold that blocks blood flow, this device can be used for 

atrial septal defects. One difference between an ASD occluder versus a PFO occluder is 
that in an ASD occluder, the device may have to help block blood flow because the defect 
is an opening, while the PFO occluder can function as an occluder by holding together 
5 existing flaps. The tissue scaffold could be used for an occluder made for either type of 
defect. 

[0030] FIGS. 10-13 show an example of the delivery of the device with a catching 

mechanism. As shown in FIG. 10, the device with end pieces 26 and 28, center joint 30, 
and sides 22 and 24, are loaded into a delivery sheath 100. An inner catheter 102 is used 

10 to hold the device in place to prevent it from being pulled toward the proximal end when 
that movement is not desired. A wire 104 extends coaxially through sheath 100, and is 
releasably connected to the catching mechanism that includes ball 106, which is rigidly 
connected through a connecting wire 105 to ball 108. Examples of releasable connections 
(not shown in FIG. 10) are described below in conjunction with FIGS. 14A and 14B. 

15 Wire 104, wire 105, ball 106, and ball 108 all preferably have aligned hollow openings to 
allow a guide wire 110 to pass through. Guide wire 110 is used for positioning and to 
assist with the delivery. Ball 108 can be held in place by inward force against end piece 
26 without being bonded or clamped or otherwise connected to end piece 26, or it can be 
so rigidly connected and permanently attached to end piece 26. 

20 [0031] Delivery sheath 100 is fust inserted into the left atrial side. Referring to 

FIG. 11, delivery catheter 102 is used to push the device into the left atrial side, along 
with wire 104, ball 106, and ball 108. Ball 106 remains within the device, while ball 108 
is larger than end piece 26 and at this stage is at the distal end of the device. As the 
device is released from delivery sheath 100, either by pushing the device out, retracting 
the sheath to expose the device, or some combination of these two motions, distal side 22 
can extend out radially and into contact with septum secundum 16 and septum primum 
14. Side 22 expands outwardly because of a compression created by wire 104 and ball 
108 preventing the device from moving further in the distal direction, and delivery 
catheter 102 which prevents further movement in the proximal direction. 

[0032] Referring to FIG. 12, the sheath 100 is further retracted to provide center 

joint 30 within the PFO tunnel, and then to allow the right atrial side 24 to fan out into 
contact with septum primum 16 and septum secundum 14. With side 24 opened in this 
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manner and center joint 30 now much closer to end piece 28, ball 106 is up against end 
piece 28. 

[0033] Referring to FIG. 13, wire 104 is pulled back in the proximal direction 

while delivery catheter 102 provides force in the distal direction sufficient to pull ball 106 
5 through the slightly smaller opening of end piece 28, but not with enough force to pull 
ball 108 through end piece 26, This application of forces causes the device to fit around 
the PFO and form good contact with septum primum 14 and septum secundum 16. 
[0034] To complete the deployment, wire 104 is detached from ball 106, resulting 

in a positioned device similar to that shown in FIG. 6 (except that wire 104 is shown 

10 connected). Detaching wire 104 from ball 106 can be accomplished through one of a 
number of ways, two of which are shown in FIGS. 14A and 14B. FIG. 14A shows 
hollow wire 104 with grappling hooks 140. Ball 106 is rigidly connected to another 
smaller ball 142, sized to accommodate hooks 140. On positioning to a desired location, 
hooks 140 are opened and balls 142 and 106 are released together. FIG, 14B shows a 

15 hollow wire 104 with threads 146 at a distal end. These threads mate with threads within 
ball 148. By using a wire 104 with good torqueability, wire 104 can be unscrewed from 
ball 106 by turning a handle (not shown) outside the body. The use of hooks or threads or 
other releasable techniques are generally known in the field of the delivery of medical 
devices. 

20 [0035] FIGS. 15-19 show an embodiment for removing the device, e.g., if the 

operator does not like the way the device is positioned or if there are complications. FIG. 
15 shows the device in the defect with only a wire 150 still attached to the proximal ball 
106. The wire is within a delivery sheath 152. 

[0036] Referring to FIG. 16, to begin the recovery sequence, a recovery catheter 

25 154 with barbs 156 is provided over wire 150. Advancing the recovery catheter exposes 
barbs 156. Barbs 156 can be opened and closed by the operator. Referring to FIG. 17, 
barbs 156 are controlled to catch on to the proximal end of the device, such as by 
grabbing end piece 28. Recovery catheter 154 is withdrawn, thereby pulling back end 
piece 28 over ball 106 and pulling the right atrial side of the device into the sheath. An 
30 opposed force can be provided on ball 106 by wire 150, which thus serves as a pusher. 

[0037] FIG. 19 shows the device fully within sheath 152 after further pulling on 

recovery catheter 154 causes ball 106 to pass through center joint 30, thereby allowing 
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the left atrial side of the device to be pulled into sheath 152. Note that this process allows 
results in the device as shown in FIG. 19 being quite similar to that shown in FIG. 10, 
which is a position before delivery. Thus the device could be redeployed from this 
position or removed from the body. 

5 [0038] FIGS. 20-22 show another embodiment of a procedure when it is desirable 

to remove the device after it has been positioned, rather than leave it in the body for 
deployment. Referring to FIG. 20, by providing extra force on wire 104 and holding 
delivery catheter 102 in place, ball 108 can be pulled back through end piece 26 and 
center joint 30, until it rests against end piece 28. 

10 [0039] Referring to FIG. 21, delivery catheter 102 and wire 104 are withdrawn 

together to pull end piece 28, to draw side 24 on the right atrial side back into delivery 
sheath 100. As shown in FIG. 22, further pulling of wire 104 in the proximal direction, 
along with delivery catheter 102, will draw the device back into the sheath, thereby 
allowing the device to be removed from the body, 

15 [0040] This embodiment of FIGS. 20-22 shows a device with two balls for 

providing compressive forces to the device to urge it to take the final shape. It has at least 
one piece, in this case the delivery catheter, for holding the device to prevent proximal 
direction movement at the proximal side, and a piece, in this case ball 108, that can be 
retracted toward the proximal side provide the compressive force between the ends of the 

20 device. 

[0041] Various types of catches can be used. These catches can include one or 

more pieces designed to latch, clamp, or otherwise lock the device in a position to help it 
stay in its deployed configuration. Li some cases, a catch can be a latch formed integrally 
or monolithically with the rest of the device, and in other instances can be formed from 
separate pieces that are left within the body and with the device after the delivery sheaths 
and catheters are removed. The catch can have pieces at either end of the device to help 
hold it in place, or it can have pieces to hold the left atrial side and/or right atrial side 
separately from or in addition to holding the overall device. For example, the 
incorporated application being filed on an even date herewith shows examples of a right 
atrial side catch and a left atrial side catch with the pieces formed integrally with the 
device. It includes an example of a single catch that holds together both left and right 
atrial sides with one set of catching pieces, in this case, showing how the catching pieces 
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can effectively be separate from the device and not be integral with the device; and an 
example of a device that can have one overall catch or a first catch for the left atrial side 
and an overall catch for the full length of the device, and also not be integral with the 
device. 

5 [0042] The devices described here can be made of a metal or of a nonmetal, but 

are preferably made of a polymer that can be a bioresorbable polymer. If a polymer is 
used, it is preferably treated with a material to make it radiopaque so that it is visible 
under x-ray detection, or with other scanning equipment. 

[0043] In embodiments described above, a spongy collar can be attached to tire 

10 center joint for improved centering and to better seal the defect. The spongy collar can 
include a material with a drug coating or with drug impregnation to assist with healing or 
to provide anti-clotting agents. The device can be made with a smooth surface, or the 
surface can be textured, porous, or otherwise roughened to produce an inflammatory 
response and thereby promote faster tissue ingrowth and faster defect closure. 
15 [0044] Having described embodiments of the invention, it should be apparent that 

modifications can be made without departing from the scope of the present invention as 
defined by scope of the claims. 

[0045] What is claimed is: 
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Claims 

1 . A medical device for closing a septal defect comprising: 

a distal portion for use on one side of the septal defect and including a distal end; 
a proximal portion for use on another side of the defect and including a proximal 

5 end; 

a center joint connected to and separating the distal and proximal portions; 

the device being movable between an elongated delivery position and a 
compressed deployed position in which the proximal and distal ends are closer together 
than the proximal and distal ends are in the elongated delivery position; 
10 at least one of the portions including a plurality of petals configured to provide a 

force against the area around the septal defect, each petal including two segments for 
extending generally radially away from one of the end pieces or from the center joint, and 
a portion at the outer perimeter of the petal and connecting the two segments, wherein at 
least one petal is further connected to an adjacent petal through a hinge that connects to 
15 one of the segments of one petal and to one of the segments of another petal, 

2. The device of claim 1, wherein the segments of the petal meet at the center joint. 

3. The device of claim 1, wherein the segments of the petal meet at a point spaced 
radially away from the center joint. 

4. The device of claim 1, wherein the segments of the petal connect to the center 
20 joint without fully converging at the center joint. 

5. The device of claim 1, wherein the petals alternate such that every other petal has 
a vertex at an end piece, with the petals between them having a vertex at the center joint. 

6. The device of claim 5, wherein the petals that extend away from the center joint 
are shorter than those that extend away from one of the two end pieces. 

25 7. The device of claim 1, wherein the petals have substantially the same size and 
shape, and are evenly distributed around the circumference of the device. 

8, The device of claim 1, wherein the proximal and distal portions each have petals. 

9. The device of claim 1, wherein the petals on the proximal and distal portions are 
different on different sides of the defect. 
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10. The device of claim 1, wherein, the septal defect has an opening, and wherein the 
portions, when deployed, have a roughly planar configuration in a manner that is roughly 
parallel to the septal defect. 

11. The device of claim 1, further comprising a catch for holding the device in the 
5 compressed position, the catch compressing the end pieces. 

12. The device of claim 11, wherein the catch includes first means for holding the 
proximal end to a center joint, and second means for holding the distal end to the center 
joint. 

13. The device of claim 11, wherein the catch includes means for holding the 
1 0 proximal end to the distal end and through the center j oint, 

14. The device of claim 1, further comprising a tissue scaffold extending over an area 
defined by at least one of the petals. 

15. The device of claim 14, wherein the tissue scaffold is formed of a flexible, 
biocompatible material capable of promoting tissue growth. 

15 16. The device of claim 1, wherein the device is used for closing an atrial septal 
defects. 

17. The device of claim 1, wherein the device is used for closing a patent foramen 
ovale (PFO). 

18. The device of claim 1, wherein the device is made of a bioresorbable polymer. 

20 19. A generally hollow tubular device having slits formed therein to produce the 
device of claim 1. 

20. The device of claim 19, wherein the tabular device has end portions and a center 
portion without slits for forming petals. 

21. A system including the device of claim 1, a catching mechanism for holding the 
25 device in its compressed deployed position, and a delivery system for delivering the 

device percutaneously and including a delivery sheath, an inner catheter for holding the 
device in place to prevent it from being pulled toward the proximal end when proximal 
movement is not desired, and a wire extending coaxially through the sheath and 
releasably connected to the catching mechanism. 
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22. A method comprising using the delivery system of claim 21 to deliver the device 
and catching mechanism of claim 21 . 

23. The method of claim 22, wherein the method is for delivering a device to a patent 
foramen ovale (PFO) that includes a tunnel between septum prinium and septum 

5 secundum, the method including inserting the delivery sheath into a left atrial side, using 
a delivery catheter to push the device into the left atrial side, causing the distal end and 
the center joint to move toward each other within the left atrium into contact with septum 
secundum and septum primum, causing the center joint to be deployed within the tunnel, 
and causing the proximal end and the center joint to move toward each other within the 
1 0 right atrial side into contact with septum primum and septum secundum. 

24. The method of claim 23, further comprising removing the device percutaneously 
after it has been positioned rather than leave it in the body for deployment. 
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